P D

0

!//?/77

“ b




State of Illinois
DEPARTMENT OF TRANSPORTATION
Bureau of Materials and Physical Research

TERMINAL TREATMENTS
FCR
TLLINOIS CONTINUOUSLY REINFORCED CONCRETE PAVEMENTS

By

Jagat S. Dhamrait and Richard K. Taylor

Interim Report
THR-36 '
Investigation of Continuously Reinforced Concrete Pavement

A Research Project Conducted by
T11linois Department of Transportation
Springfield, Tllinois 62706
in Cooperation with
U. S. Department of Transportation
Federal Highway Administration

The contents of this report reflect the views of the authors who are responsible
for the facts and the accuracy of the data presented herein. The contents do not
necessarily reflect the official views or policy of the U. S. Department of
Transportation. This. report does not constitute a standard, specification, oT
regulation. ' ' '

June 1977



DIPARTMENT OF THANSPORTATICH
Burbai of Dosign
Aarisl Survay Photo Lovoratory OCrder.
TO: Aerial Survays, Room 007

FROM: Bureau or Distﬁcu’R%'ron :
MATETialis & PHYEIEEI‘EEIEarch

Typo of Original Transmitted:

Photographs, page numbers 10, 12 and 40
Describe Finished Product Desired: ,

One negative each

1 ]
2 []
3[]'

Date:_ . i
—Novs 4, 1977
Section:

“Phyeical Research

-

Lab Use Only
[:ate Rec'd:
Rec'd By:
Datp Transmitted:

Check Ons
J might Reading
s [:] Reverse Reading

Laboratory Uss Only

Material -~ Material Usad By Sa. Ft.
1st Generation - " 2nd Generation

Clear Film

Cost

Contact Matte Film

Projection Matte Film

Halftonss

Contact Line Paper

© Projection Line Paper

Enlarging Papar

. Dizpasitive Plates

Continuous Tone

Processing

Work Done By:  Neg, Pos. , Insp, Total Cost:
RETURN COMPLETED WORK TO

Di'strEcL/R%ion:

Saction: )
Physic al—Researchr Group

Bureau:_ye cial o ‘ ¥

Room No.: 32‘6— Eagt As) CAttention: Riel 1 K—Tayl % ;

Phone: ; i \



_...10_

Tl Dk

T

Figure 3. Anchor Lug Construction




Figure 5.

- 12 -

Wide-Flange Terminal Construction



Lug 4
Lug 3

lug 2

Lug'l,

Construction
Joint

Figure 17.

Distressed Anchor System After Excavation

(Showing void next to lug wall at lug 1}



Figure 3.

i
L
L

Anchor Lug Construction




Figure 5.

- 12 -

Wide~Flange Terminal Construction

!
i




Lug 4
Lug 3

Lug 2

Lug 1

Construction

Joint

Figure 16. Distressed Anchor System Before Excavation

Figure 17. Distressed Anchor System After Excavatiom
{Showing void next to lug wall at lug 1)




State of Illinois
DEPARTMENT OF TRANSPORTATION
Bureau of Materials and Physical Research

TERMINAL, TREATMENTS
FOR ‘
ILLINOIS CONTINUOUSLY REINFORCED CONCRETE PAVEMENTS

By

Jagat S. Dhamrait and Richard K. Taylor

Interim Report
IHR-36
Investigation of Continuously Reinforced Concrete Pavement

A Research Project Conducted by
I1linois Department of Transportation
Springfield, Illinois 62706
in Cooperation with
U. 8. Department of Transportation
Federal Highway Administration

The contents of this report reflect the views of the authors who are responsible
for the facts and the accuracy of the data presented herein. The contents do not
necessarily reflect the official views or policy of the U. S. Department of
Transportation. This report does mot constitute a standard, specification, or
regulation.

June 1977



" TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. _ ’ 2. Government Accession No, 3. Recipient's Catolog No.

FHWA-IL-PR-72

4. Title and Subtitle I K 5. Report Date
TERMINAL TREATMENTS FOR TLLINOIS CONTINUOUSLY April ‘1977
REINFORCED CONCRETE PAVEMENTS - 6. Performing Orgonization Code

7. Author(s) 8. Perlorming Organization Repert No.

Jagat S. Dhamrait and Richard K. Taylor _|Physical Research Report No. 7

9. Performing Organization Nams .und Address -1 10, Work Unit No.
I11inois Department of Transportation ' '
Bureau of Materials and Physical Research
Springfield,I1linois 62106 ‘ ‘

11. Contract or Grant No.

THR-36 -
13, Type of Report and Périad Covered

12. Sponsoring Agency Name and Address

T1linois Department of Transportatioh Interim 1965 - 1976

Bureau of Materials and Physical Research e : _
springfield, Illinois 62706 - Sponsering Agency Code

‘15. Supplementary Notes

Study Title: IHR-36 - Investigation of Continuously Reinforced Concrete Pavement.

Study conducted in cooperation with the U. 5. Department'of'Transportation;
Federal Highway Administration.

16, Abstract po nart of an extensive study conducted to determine the significant rela-
tionship between the behavior of CRC pavement and various design features, an '
evaluation was made of several types of anchor lug systems and terminal joints.
Movement of the ends of CRC pavements can exert damaging forces against bridge -
structures and adjacent conventional pavement. To prevent this type of damage,
some  type of terminal treatment is mnecessary at each free end. A terminal treat-
ment can be designed either to restrain the movement :(an anchor system) or to o
accommodate the movement (a terminal joint system). ' .

Becanse the optimum number and spacing of anchor lugs for various soil
conditions and subbase types were not known, the number and spacing of ‘lugs were
varied at different locations in the State and the behavior of the wvarious lug
arrangements were compared. All combinations of lug spacing and number of lugs
appear to have been effective in partially restraining the pavement movement,
however, distresses in the lug area have developed at some locations. _

' Tn an effort to find a less costly yet satisfactory method of alleviating
the effect of end movements, ten wide-flange beam terminal joints were con-—
structed at two locatioms. The data indicate that the terminal joint provides an
‘effective method of accommodating the movements at the ends of pavements at a
lower cost than restraining the movements with anchor lugs.:

2

17, Key Words o " 118, Distribution Statement - P :
CRC pavement, anchor lug systems, No restrictions. This document- is avail-
terminal joints, crack spacing, repair able to the publie through the National
of distressed lug areas. Technical Information Service, Springfield
Virginia 22161

"19. Secur/ty Classif. (of this report) 20, Soéurl?y Clasnif. (of thi's page) 21+ No, of Pages 22, Price

Unplassified _ Unclassified - .33

Form DOT F 1700.7 (3-89}



CONTENTS

INTRODUCTION « « v o o « o o o = = « = =

*

DESCRIPTION OF SITE CONDITIONS & CONSTRUCTION PROCEDURES .

Geographic Location . . + » & o o v e e om0
Subgrade and Subbase . . « . . . 0 . .o
Copstruction .

METHOD OF TAKING DATA . . « & =« o o o o o v v = 0 = = =
FIELD DATA

Anchor System . . « « - o =

Terminal-Joint Syste e e s e e s

PERFORMANCE . . & « o « & » o « = = & v =»

Anchor System . o « « « & o = o 2 = e e =00
Terminal-Joint System

SUMMARY OF PRINCIPAL FINDINGS

Anchor Sjstem .
Terminal -Joint System

REFERENCES

PAGE

~F P

13

14

14
31

38

38
45

45

45
47

49



ILLUSTRATIONS

FIGURE | . PAGE

1 Map Showing the Location of Experimental Terminal Treatments .. 5
2 Design of Four-Lug ANChOT SYSEEM svveceeeesonnasnoacsosrcasrons 9
3 Anchor Lug CONSETUCEION. e v vososarnsassassaneesnaoanenranesssoes 10
4 Details of a Terminal-Joint SySLem ...csceccerenmennrrromemessts 11
5 Wide-Flange Terminal CONSEYUCEION +vvsvseravnsasansnsnsonanssne 12
6 Annual and Progressive Movement of End Anchors (By Districts).. 16
Thru ' Thru
13 23
14 Pavement and Wide-Flange Beaum Movement, Inches (District 5 ... 34
15‘ Pavement and Wide—-Flange Beam Movement, Inches (District 2) ... 35
16 Distressed Anchor System Before Excavation ceveecercscsnrosaanes 40
17 Distressed Anchor System After EXCAvVATION e.senererosesacsacnns 40
18 Wide-Flange Beam Joint for Repairing Distréssed Lug Areas ..... 42
19 Dowelled Joint for Repairing Distressed Lug Areas ......eeseaes 4d
TABLES
1 Design Features of Experimental Pavements .....ee.eseccsrrescrs 6
2 Classification of Soils (AASHO Classification) seeesrsceanaveaen 8
3 Summary of Lug Movement Readinfs «ocessresrorsonnnsacnnnsnnsnee 15
4 Winter—to-Summer Lug MOVEMENLS ..cxecvarorresrmneenerrmrsstonss 25
5 Growth of Pavement ENdS ..eeeseressereararmnunnmennesernenrssss 27
6 Transverse Cracking at End Anchorage ......eeeeeerosrroneccenss 28
Thru
30
7 Pavement Movements at Terminal JOINES sevesnvsssrasasenancsasan 32
8 Wide-Flange Beam Movements at Terminal Joints «.cevenmeensccoann a3

9 Transverse Cracking Near Terminal Joints ..seeecsensasssarceaes 37



TERMINAL TREATMENTS
FOR
TLLINOIS CONTINUOUSLY REINFORCED CONCRETE PAVEMENTS

INTRODUCTICH

The effect of end movement of continuously reinforced and conventiomal
portland cement concrete pavements due to changes in the environment and/or
mechanical stress, has been causing concern to pavement designers for many years.
Experience with continuously reinforced concrete (CRC) pavements indicates that
longitudinal expansion oI contraction is limited to the free ends of a long slab.
Other studies have indicated that most of the movement takes place within 300 to
500 ft (91.4 to 152.5 m) from the ends of a slab (3,6). The center portion of
the slab is restrained by the frictional force from the subbase; The free ends
oceur at a bridge or railroad crossing as well as the beginning and the end of a
pavement slab.

The magnitude of the annual movements occurring at the free ends of CRC
pavements normally may be expected to be within 1 to 2 in. (25 to 51 mm); however,
movements exceeding 2 in. (51 mm) have been reported {1,2). Movements of this
magnitude can exert damaging forces against bridge structures or against adja-
cent comventional pavement. To prevent this type of damage, some TYype of terminal
treatment is necessary at each free end. A terminal treatment can be designed
either to restrain fhe movement (an anchor system) or to accommodate the movement
(a terminal joint system).

Full restraint of all the movement at pavement ends would be extremely
costly and difficult to achieve. Therefore, an anchor system which Woﬁld par-
tially restrain the movement in combination with a joint designed to accommodate

the remainder of the movement would seem to be a reasonable alternative. Other
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studies have indicated that the restraint provided by lug anchors of reasonable
design reduce the movement of pavement ends by about one half (3).

This study was undertaken to evaluate the effectiveness of lug anchorage
systems, and wide~flange beam terminal joint systems, and to develop information
which will permit refinement of the design standards and specifications.

111inois' experience with CRC pavements began in 1947-48 with the con-—
struction of an experimental CRCP on U. S. Route 40 near Vandalia (1). The
experimental pavement is 3 1/2 miles (8.9 km) long and divided into eight test
sections, six of which are sbout 3,500 ft (1066.8 m) long and two of which are
about 4,200 ft (1280.2 m) long. The 4-in. (102 mm) expansion joints, which
separated the test sections from one another and from the conventional pavement
adjoining each end of the experimental pavements,Wwere installed so that each sec—
tion.would have considefable freedom to change length independently. In the early
years following construction, reasonable movements of 1 to 2 in. (25 to 51 mm)
between summer and winter were recorded; however, by the summer of 1957 all of
the expansion joints were tightly closed. Large spalls indicative of excessive
compression were observed at several of the joints and major repairs were required.
subsequent patching has been required at almost all of these expansion joints. Due
to fhese,failures and the high cost of maintaining the joints, a different
approach for solving the problem of end movement for concrete pavement in general,
and continuously reinforced pavement in particular, was. believed to ﬁe necessary.

In 1961, the Illinois Department of Transportation began an intensive study
of continuously reinforced concrete pavement in cooperation with the Federal High-
way Administration. The study included construction of several experimental see-
rions of continuously reinforced concrete paﬁements throughout the State to
determine the significant relationship that exists between pavement behavior and

certain design variables.- Also, the study included the construction and evaluation



_3_
of several types of anchorage systems. The study was first described by
Dhamrait, Jacobsen and Schwartz in a 1973 report (4). A second report describes
the construction experience (5). Since details of the study are fully described
in these reports, repetition of basic information has been purposely avoided in
this report except where necessary for better understanding of the results.

The design features to be evaluated in this study include anchorage sys-—
tems of various configurations. The design of anchor lugs is based mostly on
engineering judgment. Because the optimum number and spacing of anchor Jugs
was not known, it was decided to vary the number“ and spacing of lugs at different
locations, and compare the behavior of the different anchor arrangements. A series
of transverée rigid concrete lugs in conjunction with at least three expansion
joints were constructed at each-terminating‘point of the pavements.

At the time the original work plan for the.study was formulated it was
believed that winter—to-summer movements of approximately 3/4 in. (19 mm) or less
at the anchors would indicate satisfactory performance of the anchor lugs. Based
on this criterion, the end anchorage systems appear to have performed relatively
well in partially restraining the pavement ends. The anchor lugs required little
maintenance; however, initial comstruction costs were relatively high.

In an effort to find a less costly yet satisfactory method of alleviating
the effect of end movement, wide-flange beam terminal joints were comstructed at
two locations involving a total of 10 terminal treatmenté. The function of such
terminal joints is to accommodate a.free movement of the pavement ends rather than
to restrain them.

This report describes the evaluation of the lug anchor systems and ter-—
mipal joint systems with the following figdings. Annual winter-to-summer move-
ments of all lug systems averaged 3/4 in. (19 mm) or less. In some cases there

was a tendency for the lug anchor systems to move slightly outward with age. All

'
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combinations of lug spacing apnd number of lugs appear to have been effective in
partially restraining the pavement movement; however, distresses in the lug

area have developed at some locations. The wide-flange beam terminal joint data
suggest that this type of terminal treatment is an effective method of accommo-
dating the movements at the ends of pavements at a lower cost than restraining
the movements with anchor lugs. No gignificant relationship between the annual
movement and age was established, but there appears to be a tendency for slight

permanent growth of the pavement ends toward the beams.

DESCRIPTION OF SITE CONDITIONS AND CONSTRUCTION PROCEDURES

Geographic Location

The geographical location of each project is shown in Figure 1, and a
listing of nine projects with corresponding‘experimental features is given in
Table 1.

The climate in Illinois is temperate, but extreme variations in temperature
can be expected from day ‘to day, from month to month, and from year to yéar. In

July, the warmest month of the year, the mean monthly temperature varies from 74°F

(2300) in the northern part of the State £o 80°F (27°C) in the southern part of

the State. During January, the coldest month of the year, the mean monthly tem-
perature for the northern part is 200F (-6.7°C) as compared with 389F (3.3°C) in
the southern part. The average annual frost penetration varies from 30 in. (762 mm)
at the northwest corner of tﬁe State to 10 in. (254 mm) in the southern part of the
State. The highest average annual precipitation, which occurs in the southern

part, is 45 in. (1143 mm) and the lowest average annual precipitation is 32 in.

(813 mm), which occurs in the northeastern part.

Subgrade and Subbase

On most projects the samples for field classification were taken from the

finished grade at intervals of not more than 300 ft (91.4 m) and at locations where



O

District 2

gpT Rt. 3
gec. 7R, 7RB
Rock Island County

J

District
_———\__i_____
FAL Rt. 74 ] 9 . .
gec. 48-27 District & District
~ Knox County 3
District 6 "
| 5 B
Distriet
FA Rt. 196 5
Sec. 2-1
Sangamon County
. L1 District
District 7
8
FA Rt. 14 .
Sec. 1-5 -"'—""‘"
Williamson Co.unty 5] .
District

Experimental Projects - having Anchor

Systems

Experimental Projects
Systems

having Expansion

Figure 1.
treatments.

FA Rt. 7
Sec. 6R-1, SR
Kane County

FAL Rt. 57
Sec. 10-32
Champai.gn County

—~—FAL Rt.57

gec. 21-28, 21
10-29, 10-28

Douglas and

Champaign Counties

9

Map showing the location of experimental

FATL Rt. 70
Sec. 26-3, 26-4

Fayette County

.

FA Rt. 14
Sec. 6-1
Williamson County

terminal



-meeq oyl WOIF ,9-,0€ JO SOUBISTP B JE
-pepracad ST weoFeyls YA PITITL

pu= 2JIoUym SUOT

quswaard pejurol =2y3 Ul pepTacid OSTE
1 souds uorsuedxe ‘Up-%1 ® Weaq 93 jO apIs jusmesmd DUD 3YI IV /?
q ® 3¢ st juemaard DY) IO a8eaoyoue
jed0T 3B papraoid sI1e sjutof 2aTd ‘'popTracid SiE qusmeosed piepuels pue judwesed J¥D IO

.quemoard yosoxadde 28pTi

wcoEg =31

st jupof uorsuedxad ‘UF-HT V

pus udeM3aq SI9JWRV 1I-0G IE peoeds (peTomop) squrol uorsuedxe 19qT3 SnouUTWNITq] pewioyaid ‘Ul-¢/¢ I9IYL /T
weag

Vi 83UBTI-9PTIM - saeq 8 TL6T 6 6 m
4 - IF 07 9 € ATIqEd L g9-%961 6 8

[4 - 1T 0% B % si1usd 8 £96T L L

4 - 13070 % saeg 2

[ = 1T 07 0 ¢t OFIqBA 8

A - 13079 % sted L

4 = 0V R E oTIqed L 9961 9 9

wesq

9 oBueTI-oPTM - s1eg L 0L6T < S

T - IF0or RS 8

T - 1707 @S sieq L £96T S ki

K - T 0T oY sieg L #9-¢961 7 €

9 - 13 0% B % OFIqed 8 96T [4 2

T - 17 02 9 % sded L 796T T T

8]ULAMIEIAL ma3SASG Touody anT adAl o (tur) ATTng 10TIASTA ~ON
TeuTmia], worsuedxy jo 1EeWadIOFUTIY 8SaUOTUL ies} aoaloag
30 "ON Jo TTE3=C sTIEI=A qeTs
/C /1 )]

QINACOYd TYINFWI¥ZIXE 0 SHANLVAL NOTSHEA

T ZT1dVL



-7 -

the roadbed soil changes in type. The main soil types found at each project site

having lug anchors are summarized in Table 2.

The thickness of the subbase under experimental CRC pavement is 4 dn. (102 mm)

while that under the conventibnal 10-in. (254-mm) PCC pavement is 6 in. (152 mm) .
Dense-grade granular material was used for the pavements containing lug anchorage
systems while bituminous aggregate mix was used for the pavements containing the
wide—flange beam terminal joint. Gravel was used in Districts 1, 4, 6 and 7
(Projects 1, 3, 6 and 7) while crushed stone was used.in Districts 2, 5 and 9
(Projects 2, 4 and 8), and bituminous aggregate mix was used in Districts 5 and 9
(Projects 5 and 9).

Construction

Typical details of the four-lug anchor system are presenfed in Figure 2.
The main function of the lug anchorage system is to restrict the movement by trans-
ferring the pavement movement. forces to the soil mass through the‘passive and shear
resistance of the subsoil. Therefore, lugs were cast directly into trenches in the
embankment without forms to achieve maximum resistance. These trenches were 2 ft
(0.61 m) wide, 4 ft (1.22 m) deep and extended across the full width of the pave—
ment. The lug reinforcing steel assembly was fabricated, lowered into the trench,
held at the proper location with wooden 2 x 4's while the concrete was poured into
the trench. The concrete was cured for a period of at least 7 days by covering
with burlap and maintaining a moist condition. The ends of the reinforcement pro-
truding from the concréte were later bent and tied to the mainline steel as shown
in Figure 3.

The wide-flange beam terminal joint provides for expansion and contraction
of the CRC pavement. Typical details of this joint are presented in Figures 4 and
5. The wide-flange beam was cast into a reinforced "sleeper slab" which supports

the ends of the abutting pavements. Provision for expansion was provided



TABLE 2

CLASSIFICATION OF SOILS
(AASHO Classification)

Depth Below

Project Subgrade Soil Classification (Percent of Samples)
No. (ft) A-1 A-2 A-4 A-6 A=7
1 0-5 - 4 24 53 19
-2 0-5 8 31 61 - -
3 0-5 | - - 12 60 28
4 0-3 - - - 30 70
6 0-5 - - 22 61 17
7 0-5 - - 20 45 35
8 0-5 - - 25 64 12

1 ft = 0.305 m
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by placing a 1 1/2-in. (38-mm) layer of ethafoam between the web of the beam and
the end of the CRC pavement. In addition, one 1 1/2-in. (38-mm) conventional
expansion joint was provided in the jointed pavement at a distance of 30' -6"
(9.3 m) from the beam joint. To minimize corrosion of the beam, provisions for
drainage of the ethafoam expansion material were made by drilling two .1/2-in.
(13-mm) dia. holes in steel plates welded to the ends of the beam. The use of
forms below the subgrade was strictly prohibited. Suitable seating devices were
installed for the support of the steel beam during construction of the concrete
pad. The concrete pad was constructed in a single continuous pour for the entire
transverse width, and was properly cured prior to paving. The side of the pad,
which supports the CRC pavement, was covered with polyethylehe to break the bond

between the pad and the CRC slab.

METHOD OF TAKING DATA

To measure the anchorage movemént, reference monuments were installed near
the right-of-way lines on'opposite gides of the pavement. Reference plugs were
installed eight inches (203 mm) in from both edges of the pavement. These monu-—
ments and plugs were installed as nearly as possible on a line perpendicular to
the centerline of the 24-ft. (7.3-m) pavement. Readings were taken with the aid
of a transit and a graduated steel rule. The initial location of the plugs was
determined and recorded. Subsequent displacement of the anchorage was determined
by measurements of offsets from the reference line. Readings were made bimonthly
through the first winter and summer seasons following construction on some of the
projects, but a minimum of one winter and one summer reading was taken on all
projects.

Reference points for the wide-flange beam termipal joints constructed in
1970 consisted of plugs in the beam itself for measuring the beam movement, and

plugs in the CRC pavement, approximately 10 in. (254 mm) from the plugs in the
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beam, to measure the movement of the free end of the CRC 5lab. Measurements were
made relative to reference monuments installed near the right-of-way lines. Also,
the change in the distance between the plugs of the beams and the plugs of the CRC
was obtained with a Whittemore Gage.

Also, on most of the projects, condition surveys were conducted on the 300
ft (91.4 m) directly preceding the lug anchorages or terminal joints. These
readings were made once a year on some projects and mid-summer and mid-winter on

others.

FIELD DATA

Anchor System

Measurements of the end lug positions at each experimental location as

‘recorded during mid-winter and mid-summer are presented in Table 3. This informa-

tion is also shown graphically in Figures 6 through 13. It was not always possi-
ble to make measurements under extreme environmental conditions; therefore, the
yecorded readings are mot necessarily the maximum for the yearly cycle. Because
the.initial measurements at each project were not made immediately after the con-
crete had set, but at a variable slaﬁ age, the changes shown are not necessarily
the total change. The data are not corrected for unmeasured varjations such as
subbase friction, moisture content of slab and subbase, temperature of concrete
and air during paving, season of pavement construction, and the type of soil in
the embankments. Most of these factors could not be measured and evaluated even
on supposedly similar sections.

During the planning stage of this study, it was decided that movements from
winter to summer of approximately 3/4 in. (19 mm) or less would probably indicate
satisfactory performance. The data in Table 3 vere uéed to compute the average

annual winter-to-summer movements for each District. Some data points which
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appear to be in error, such as the readings indicating that the lugs contracted
from winter to summer wexe not used in the analysis. The results of the
analysis are shown in Table 4.

Table 4 indicates a general trend for the average annual winter-to-summer
lug movements to decrease from the northern to the southern part of the state.
The average movements in Districts 5 and 6 in the central part of the state do
not follow this trend; however, only limited data are available from these Districts.
The combined average winter-to-summer movements in Districts 1 and 2 are 22 percent
greater than the average movements in Districts 7 and 9. This variation may possi-
bly be attributed to the difference in mean monthly temﬁeratures for January and
July in thenorthern and southern parts of the state. The January to July difference
between monthly temperatures in morthern Illinois is 54°F (5.6° C), which is 22
percent greater than the corresponding 420 F (5.6° C) mean monthly temperature vari-
ation in southern Illineois.

Another factor which may have influenced the magnitude of the lug movements
is the soii type in which the lugs were constructed (Table 2). Imn District 2 the
soil consisted of silty sand with some gravel, while in Districts 7 and 9 the soil
was predominantly clay.

Assuming a normal distribution of the limited available data, it is possible
to infer the probability of the lug movements exceeing 3/4 in. (19 mm) from winter-
to—summer. The final column of Table 4 shows the percentage of lug locations in
each District which would be expected to exceed 3/4-in. (19-mm) expansion from
winter to summer. If District 6 is excluded because of very limited data, the
highest percentage of winter-to-summer expansiocns exceeding 3/4 in. (19 mm) would
occur in the northern part of the state, where the highest temperature variations

OCCur.
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Another criterion on which to base an assessment of the satisfactory per—
formance of lug anchor systems is the amount of "growth" occurring at the pave-
ment ends. Annual growth may be defined as the permanent displacement of the end
of the pavement after undergoing a complete annual cyclical movement of expansion
and contraction.. One means of determining the amount of growth occurring at the
experimental sections is to compute the difference between average annual winter-
to-summer expansion and average annual summer to winter contraction. These
differences are shown in Table 5, which indicates that the amount of growth varies
from a growth of about .0l in. (0.25 mm) per year din morthern Illinois to a growth
of .07 in. (1.78 mm) per year in southern Illinois. These results indicate that
the least growth occurs in the northern part of the state where the largest annual
average movements occur. Conversely, the most growth appears to occur in the
southern part of the state where smaller average annual movements occur. The rea-
son for this phenomenon is not knowm at this time, althéugh several factors such
as differences in embankment soil, differences in environmental factors, and differ-
ences in number of lugs may contribute to the variation in growth rate.

In Table 6 three relationships, which are of special significance, are shown.
The first is the relationship between crack development within an anchor area and
CRC pavement adjacent to it, the second is between crack development and age, and
the third is between crack devélopment and the depth of reinforcement. With regard
to the erack development within the anchor area and CRC pavement adjacent to the
anchor area, it can be derived from Table 6 that spacing of the cracks is greater
for the anchor area than for the CRC pavement adjacent to it. Performance has indi-
cated that the structural capacity of the CRC pavement has not been impaired due to
this difference of crack development.

A definite relationship between crack development and age can be established

from Table 6. For most of the test pavements, the number of cracks 'has. increased
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TABLE 6

TRANSVERSE CRACKING AT END ANCHORAGE

Transverse Cracking

Lug Area 300 ft CRC Next to Lug Area
District— . Length No. of No. of Crack Interval
Site No. * Date (ft) Cracks Cracks (ft)
1-1 782 1964 74 (4 @ 20 ft) 6 56 5.4
1966 : 7 93 3.2
1968 9 109 2.8
2-2 . BF4 1964 134 (4 @ 40 ft) 3 22 13.6 .
1966 : 7 31 9.7
1968 21 45. 6.7
2-3 8F3 1964 : 134 2 26 11.5
1966 6 31 9.7
1968 ' 24 40 7.5
2-4 8¥2 1964 134 2 36 8.2
1966 2 61 4.9
1968 2 72 4.2
2-5 8r2 1964 134 B 1 30 10.0
1966 7 78 3.8
1968 7 95 3.2
2-6 8F¥2 1964 - 134 ‘ 0 4 75.0
1966 2 27. 10.1
1968 2 a5 8.6
4-1 7B2 1964 ' 74 (4 @ 20 ft) 2 12 . 25.0
1965 3 52 5.8
1969 8 85 3.5
4-2 783.5 1964 74 1 41. 7.3
1965 4 b 6.8
1969 6 55 5.4
4=3 7F3.5 1964 74 3 3 9.7
1965 3 41 7.3
1969 5 57 5.3
b=4 7F3.5 1964 74 (4 @ 20 ft) 1 21 14.3
1965 1 41 7.3
1969 3 45 6.7
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TABLE 6. (Continued)

TRANSVERSE CRACKING AT END ANCHORAGE

Transverse Cracking

Lug Area 300 ft CRC Next to Lug Area
District- Length . No.. of No. of Crack Interval
Site No. * Date (ft) - Cracks Cracks (ft)
5-1 8B4 1963 174 (5 @ 40 ft) 4 22 13.6
1965 10 28 10.7
1967 11 30 10.0
1969 12 30 10.0
5-2 7B3.5 1963 174 7 25 12.0
1965 13 30 10.0
1967 16 31 9.7
ﬁ 1968 18 ‘ 31 9.7
1/ |
6-1 882 1966 134 (4 @ 40 fE) 0 -0 -
1967 9 28 4,1
1968 15 35 3.3
1969 17 41 2.8
1970 18 41 2.8
1971 25 47 2.5
1972 29 50 2.3
1974 - 37 52 2.2
2/ |
6-2 8F4 1966 94 (3 @ 40 f£t) 0 5 31.0
1967 ' 6 18 8.6
1968 8 19 8.2
1969 8 19 8.2
1970 9 21 7.4
1971 9 23 6.7
1972 25 29 5.3
1/ 1974 32 31 5.0
6-3 7B3.5 1966 134 (4 @ 40 £t) 0 3 39.0
1967 14 18 6.4
1968 19 18 6.4
1969 19 18 6.4
1970 22 18 6.4
1971 24 18 6.4
1972 24 18 6.4
1974 24 19 6.1
2/ |
6-4 752 1966 94 (3 @ 40 fr) 0 1 -
1967 1 25 6.2
1968 5 35 4.4
1962 5 35 4.4
1970 5 35 4.4
1971 7 41 3.8
1972 28 &7 3.3
1974 47 84 1.8
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TABLE 6. (Continued)

TRANSVERSE CRACKING AT END ANCHORAGE

Transverse Cracking

Lug Area 300 ft CRC Next to Lug Area

District— . - o oo Length No. of No. of Crack Intexrval
. gite ' No. % Date " (fty ‘Cracks ~~ Cracks (ft)
7-1 8B2 1963 134 (4 @ 40 ft) 0 17 17.6
1965 23 117 2.6
1967 24 136 2.2
1969 43 145 2.1
7-2 8B4 1963 134 6 35 8.6
1965 11 65 4.6
1967 11 66 4.5
1969 11 67 4.5
9-1 7F2 1965 94 (3 @ 40 £t) 0 12 . 25.0
1966 0 15 20.0
1968 0 29 10.3
1970 0 40 7.5
9-2 7F2 1965 94 0 16 18.8
1966 0 27 11.1
1968 0 35 8.6
1970 0 37 8.1
9-3 7F2 1965 94 0 13 23.1
1966 0 23 ' 13.0
1968 1 28 10.6
1970 1 30 10.0
9-4 7F3.5 1965 94 0 3 100.0
1966 3 35 8.6
1968 5 37 8.1
1970 5 39 7.7
9-5 7F3.5 1965 94 0 3 100.0
1966 0 31 ! 9.7
1968 1 32 9.4
1970 1 33 9.1

% §lab Thickness (in.), Reinforcement Type, Cover Depth (in.).
1/ CRC next to lug area is 116 ft instead of 300 ft.

2/ CRC mext to lug area is 155 ft instead of 300 £ft.

25.4 mm
0.305 m

17in.

(I
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at a rather rapid rate during the early life of the pavement, after which the rate
of increase becomes slower.
Another significant relationship shown in Table 6 is that slab thickness
and type of steel reinforcement has little, if any, effect on transverse cracking.
i
But the depth of steel reinforcement below the pavement surface has a major effect

on transverse cracking. As expected, the transverse cracking increases as the

reinforcement is placed nearer the pavement surface.

 Terminal Joint System

Measurements of the movements of the pavement ends at wide—flange beam
terminal jaints in Districts 5 and 9 were made to determine the behavior of the
joints. These measurements are included in Table 7. Movements of the wide-flange
Leams were also measured and are included in Table 8. Figures 14 and 15 compare
the annual movements of the wide-flange beams and the free ends of the CRC slabs.
As expected, the free end of the CRC slab moved toward the beam during the summer
and away from.fhe beam during the winter. The annual winter-to-summer movements
of the free ends of the CRC slabs have been light to.moderate, with the maximum
annual movement at any joint mot exceeding 3/4 in. (19 mm). The average winter-to-
summer movements in District 5 were equal to 0.607 in. (15.4 mm),while in District
9 the average movements were equal to 0.559 in.(l4.2 mm). A comparison of these
average movements with the average winter-to-summer lug movements in Districts
5 and 9 (Table 4), indicates that roughly half as much movement occurred at the
anéhor lugs as occurred at the wide-flange beam joints.

The relative position of the bars in Figures 14 and 15 indicates the progres-
sive changes in the locations of the free ends of the CRC slabs. There appears to
be a slight tendency for the free ends to move permanently toward the web of the

beam. At the time of construetion, provision for progressive and annual expansion
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was provided by placing a 1 1/2-in. (38~mm) layer of ethafoam between the web of
the beam and the free end of the CRC slab.

The terminal joints were designed and constructed so that the beam should
remain stationary. The data in Figure 14 indicate that the beams installed in
Distriet 5 did remain relatively stationary. Figure 15 indicates that two of
the beams in District 9 moved considerably more than expected. The reference monu-
ments for these beams are located near the right-of-way iines at a railroad crossing,
and are much lower than the beams. Therefore, the establishment of the line-of-
sight is more difficult, and measurements may be indicating erroneous results.

Table 9 contains a record of crack development within 300 £t (91.4 m) of
the free ends cf the pavements during the three years following construction.

Except for a single crack forming near the edge of the underlying concrete pad

about five feet from the freé end in eight out of the ten cases, the length of
uncracked pavement varied from 81 to 148 £t (24.7 to 45.1 m) from the free end.

At these distances from the free ends, typical tramsverse cracking began and devel-
oped in a normal manner, with the cracks béing relatively uniformly spaced and tight
at the surface. Table 7 indicates that in the majority of cases, most of the cracks
developed within the first year to 15 months after construction. The rate of increase
in the number of cracks decreased substantially after the first 15 months. The
single crack which developed near the ends of the underlying concrete pads is
believed to be causéd by a difference in pavement support provided by the subbase
and the sleeper slab,caﬁsing a concentration of stress in the pavement at the edge
of the sleeper slab when subjected to heavy traffic., These single cracks have not
resulted in any problems after six to seven years.

In Distriet 9, a construction joint is located within 29 to 59 ft (8.9 to
18.0'm) of each terminal joint. The pavement was constructed up to thése construc—

tion joints during the late fall in 1970, while the terminal joints and remaining

pavements were completed in the spring of 1971.
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The period of time over which data were collected at these gites is not suf-
fiecient to evaluate the effect, if any, of the cracks and construction joints on

the performance of the terminal joints.

PERFORMANCE

Anchor System

In general, the performance of most anchor systems constructed since 1963
has been satisfactory. The anchor systems appear to have been effective in par-
tially restraining the pavement movement and, in most cases, have proyided a good
low—maintenancé riding surface. At one experimental five~lug anchor location and

at a few scattered regularly constructed four-lug anchor locations, distress has

" developed in the form of a series of dips between lugs, large pavement deflections

betwéen lugs, eircular tearing of the shoulder material imn the vicinity of lugs,
voids in the shoulder ét the lugs and along the pavement shoulder. joints between
lugs, and reduction in the installed width of the 3/4-in. (19-mm) expansion joint
adjacent to the lugs. In most cases the waviness of the pavement surface caused
by the dips between lugs developed to the point where some form of corrective
treatment was required about five years after construction;‘ No sign of pavement
structural distress wasrvisible at these locations.

Profile measurements were made at three locations where dips have formed
between lugs creating a roller coaster riding effect. The high points of the
undulations range from 1/2 to 2 in. (13 to 51 mm) above grade,with the highest
peak occuring near the end lug an& the remaining peaks diminishing with distance
from the end of the pavement. The peaks tend to occﬁr at a distance of from two to
four feet from the center of the lugs in the direction away from the end of the

pavement. At some locations the elevatioms of the low peints are at or near the

‘original grade line, while at other locations the elevations of the valleys

appear to be as much as 1 1/2-in. (38 mm) below grade. These conditions create a
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rough riding surface which is annoying and sometimes hazardous to motorists. , The
effect of the sequence of undulations appears to be particulaxly severe to truck
traffic.

The offset of the peaké from the center of the lug indicates that the tops
of the lugs may have moved toward the end of the pavement with respect to the
bottom of the lugs, causing rotation of the pavement.at the lug, and upward dis-
placement of the pavement at some distance from the lug. Another possible explana-
tion for the dips between lugs is differential settlement.of the embankment
between the top of the subgrade and the bottom of the lugs. It appears probable
that the distress observed at some anchor systems is a combination of rotation
and differential settlement.

In order toinvestigate the behavior of the rough anchor systems, excava-
tions were made at some sites. A typical &iétressed anchor system before excava-
tion is shown in Figure 16. A view of the same anchor system after an observation
trench was excavated in the shoulder adjacent to the' pavement is shown in Figure
1?. The pavement is an 8-in. (203~mm) slab over a 4-in. (102-mm) CAM subbase,
with a lug system consisting of four lugs spaced at 40-ft (12.2-m) centers. The
pavement was constructed in the spring and early summer in 1966, and the observa-
tions presented here were made in the summer of 1971. Although the anchor sysﬁem
depicted is not one of the systems at which movements were measured as part of
this study, the distressed area is similar to that which developed at one of the
23 lug systems included under the study.

The excavation revealed that voids about 6 to 12 in. (152 mm to 305 mm) in
width had formed in the subbase adjacent to either side of each lug wall. These
voids extended back along the lug walls at least five feet under the pavement. Rela-
tively narrow voids were found to extend down along the interfaces of the lug walls
and embankment. Between the lugs, a gap varying from 3/8 to 3/4 in. (9.5 to 19 mm)

between the pavement and the subbase was observed. The pavement between lugs
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deflected under traffic loads due to a lack of any subgrade support. It was noted

that the upper surface of the cement aggregate mixture (CAM) subbase in the void

between the pavement and the subbase had developed signs of ravelling. The degree
of distress was highest near the end lug and diminished with distance from the
pavement end.

At that time the problem was thought to stem from forces exerted b& the end
of the comventional pavement on the end of the CRC pavement. An attempt to alle-
viate the problem was made by cutting a 4—in (102-mm) pressure relief joint in
the conventional pavement mear the conmstruction joint. Ethafoam filler material
was installed in the joint to prevent the intrusion of compressible material. The
voids under the pavement were filled by mud-jacking with ag-lime portland cément
slurry. (To prevent pumping, perforated pipe underdrains outletting to the ditch
were installed on both sides of the pavement along the entire anchor system. This
corrective procedure was carried out five years ago and was temporarily successful
in leveling the pavement; however, within three years the dips in the pavement
between lugs formed again.

Another project manifesting similar distresses consists of a 7-in. (178 mm)

slab on a 4-in. (102-mm) BAM subbase with an anchor system of four lugs on 40-ft

(12.2-m) centers. In this case the end of the CRC pavement constructed in 1966

and 1967 abuts a bfidge approach slab., By 1973, the waviness in the lug area

~and the thrust forces against the bridge approach slab had become severe. The

cause of the problem was believed to be movement of the CRC pavement toward the
anchored end and rotation of the anchﬁrs. In the fall of 1973 a 4-in. (102-mm)
wide pressure relief joint was cut in the CRC pavement beyond the lug farthest from
the bridge, and was filled with ethafdam expansion joint material. This joint was

later modified by installing a wide-flange beam joint as shown in Figure 18.
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Based on the results of the two foregoing attempts to correct distressed

lug areas, the following tentative procedures have been formulated and are now

being evaluated in Illinois:

1.

Cut a 4-in. (102-mm) ﬁide joint in the CRC slab and £ill it With-
ethafoam expansion joint material. Locate the joint a sufficient
distance beyond the lugs to allow for ramping of any resurfacing
that might later be mnecessary to correct the waviness and rough-
ness at the lugs. The cutting should be done as early in the day
as possible when the pavement is cool and thermal expansive forces
are low. A cool cloudy day would be ideal. |

Observe the area for a period of two to three months after cutting
to see whether the roughness will decrease some ol its oﬁn.

After the observation period, mud-jack the rough area to fill the
voids under the pavement and to level, if possible, the rough area.
Provide drainage if required to eliminate pumping at any remaining
voids. |

If excessive roughness remains, overlay the rough anchor system with
a minimum thickness of oﬁe inch bituminous concrete over the high
spots.

The simple‘sawed expansion joint recommended in Item 1 may perform
satisfactorily for many years. However, if distress develops in
the 4—in. (102-mm) joint area, one of the expansion joints shown in

Figure 18 and Figure 19 can be constructed.

The dowelled joint shown in Figure 19 is not known to have been used beforé

in CRC pavement; however, this joint is designed to function similarly to the wide—

flange beam joint, and has the advantage of being easier to construct and can be
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constructed one lane at a time. With the dowels and sleeper slab for load trans-
fer and the ethafoam to take the expansion and prevent intrusion of compressibles,
this joint should perform well while at the same time being less costly. The
dowelled design also has the advantage of an exposed expansion material that

can be inspected periodically to determine whether the joint is functioning
properly.

Terminal Joint System

The wide—flange beam terminal joint systems constructed in 1970 and 1971
have been performing satisfactorily. They are providing a smooth tramsition
between the abutting pavements and have excellent shear transfer; The anchor sys-—
tem is not very effective when the emBankment‘is of eohesionless soil. In this
type of soil the wide-flange beam terminal joint system is the main effective tool.
No seasonal maintenance of the beam joints has been required or carried out. The
sealant used in the pavement notch eventually worked out of the notch; however,

no apparent problems have developed from the loss of the sealant.

SUMMARY OF PRINCIPAL FINDINGS
Observation of the behavior of the Illinois experimental lug anchors and
wide-flange terminal joints ‘has indicated the following general trends.

Anchor System

1. Based on limited data the average annual winter-to-summer move—
ments of lug anchor systems did not exceed 3/4 in.(19 mm) at any
of the experimental locations. Slightly greater winter-to-summer
movements occurred in northern Illinois as compared with southern
Tllinois. This slight difference may be attributed to the differ-
ence in mean temperature variations between northern and southern

I1linois.
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Although the apnual winter-to-summer lug movements were less in
gsouthern Jllinois, the data indicate that the pavement ends in
southern Illinois tended to grow more than those in northern Tlli-
nois. The reasons for the greater growth rate in southern Illinois
are not clear at this time. The type of embankment soil may be a
contributing factor, as may be the climatic differences and number
of lugs. The differences in movements and growth resulting from
the different number of lugs appear to be minor. All combinations
appear to have been effective in restricting the movement of the
pavement ends to less than 3/4 in. (19 mm) .

The frequency of transverse cracks apparently haé had no signi-
ficant effect on the movements of the anchor systems. At most
locations fewer cracks-forméd within the lug area than formed
ﬁithin the CRC pavement adjacent to the lug area. The number of
cracks increased with age, with most of the cracks usually devel-
oping in the early years after construction.

Most of the lug anchor installations have been éffectual in

restraining the end movements of CRC pavements. At a few locatioms

.throughout the State, problems have developed with dips forming

between lugs, creating a rough riding Surféce. Most problems have
occurred about five years affer construction at locations with 4
lugs at 40 ft (12.2 m). Few ﬁroblems have developed at locations
with 3 lugs spaced at 20 ft (6.1 m); however, the 3-lug systems,
constructed since 1969, have not beeﬁ in place.as long as the 4-

lug systems.
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The dips between lugs are apparently caused by either a rotation

of the lugs or a differential settlement of the embankment or a
combination of both.' These problems have been alleviated by

cutting a 4-in. (102-mm) pressure relief joint and in some instances
by mud-jacking or overlaying the undulated area. However, at most
locations, the anchor lugs have performed satisfactorily without
extraordinary maintenance.

The installation cost of the wide-flange beam terminal joint sys-

tem is about 25 percent less than the cost. of the ancher system.

Terminal Joint System

1.

The average maximum movement of the glab at any wide-flange ter-—
minal joint has been less than 3/4 in. (19 mm). No significant

relationship has been established between the amount of the annual

 movement and age, but there is a tendency for the free end to

slightly move with time toward the beam.

Other than a single crack developing in the pavement at or near the
end of the sleeper slab in 8 out 10 cases, no cracks have developed
between the end of the CRC slabs and a distance from the end varying
between 63 to 148 ft (19.2 to 45.1 m). The remainder of the slab
has developed cracks in a normal mannen‘with cracks being relatively
uniformly spaced and tight at the surface. Most cracks within 300

ft (91.4 m) of the ends developed within the first vear after con-

struction. During the four years of observations, the cracks appeared

to have little effect on the performance of these joints.

The wide-flange beam terminal joints comstructed in 1970 and 1971
appear to be performing satisfactorily. They are providing a smooth

transition between the abutting pavements and have excellent shear
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transfer. In all cases the polyurethane sealant has worked out

of the pavement motch; however, no apparent problems have developed
because of the absence of the sealant. The joints can probably be
constructed without the sealant with mo detrimental effects.

4. A direct comparison of the behavior of the wide-flange joints and
the anchor lugs is difficult to derive from the data compiled during
this study, because the data from the anchor lugs cover a longer
and different time peri&d than the data from the wide—flange joints.
However, the data from the wide-flange joints suggest that this type
of terminal treatment is an effective method. of accommodating the
movement at the ends of the pavements at a lower cost than restrain-

ing the movement with anchor lugs.

RECOMMENDATIONS FOR IMPLEMENTATION

Based on the finding that all combinations of numBer of lugs and lug spacing
appeared to be effective in restricting movements of pavement ends, the standard
design was changed in 1969 from 4 lugs at 40 ft (12.2 m) to 3 lugs at 20 ft
(6.1 m). The change resulted in a 25 percent cost saving with no apparent effect
in performance.

Based on thé finding that thé wide-flange beam terminal joint has performed
well over a seven-year period, and effectively accommodated movements of the ends
of CRC pavements at a lower cost than.restraining the movements with lugs, it is
recommended that the wide-flange beam joint replace the anchor lug sysfem as the

standard terminal treatment for CRC pavements.
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